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POWER ON PAIRING FOR ELECTRONIC
COMPONENTS OF A BICYCLE

BACKGROUND

1. Field of the Disclosure

The present disclosure 1s generally directed to control of
clectric components of a bicycle, and more particularly, to
pairing of electric components of an electric bicycle.

2. Description of Related Art

A bicycle with a pedal assist electric motor (e.g., an
clectric bicycle or an e-bike) may include a removeable
battery pack. The removable battery pack communicates
with a drive unit of the electric bicycle to provide informa-
tion about the battery pack. For example, the removable
battery pack may communicate a state of charge, fault
conditions, and a connection status of the battery pack. The
clectric bicycle may also communicate with the battery pack
to determine 1f the connected battery pack was made by an
approved supplier before drawing power from the battery
pack. The electric bicycle relies on wired communication
networks of the electric bicycle to communicate this infor-
mation from the electric bicycle to the connected battery
pack.

SUMMARY

In one example, an electronic component for a bicycle
includes a communication interface and a processor 1n
communication with the communication interface. The pro-
cessor 1s configured to i1dentity a first power on time. The
first power on time 1dentifies a time at which the electronic
component was powered on by a power source of the
bicycle. The processor 1s further configured to listen for one
or more messages after the electronic component 1s powered
on and receive, via the communication interface, a message
of the one or more messages. The received message 1s from
another electronic component of the bicycle and 1dentifies a
second power on time. The second power on time 1s for the
other electronic component. The processor 1s further con-
figured to compare the second power on time to the first
power on time and 1nitiate, based on the comparison, pairing,
of the other electronic component with the electronic com-
ponent.

In one example, the communication interface 1s a wireless
communication interface.

In one example, the processor 1s further configured to start
a timer when the electronic component 1s powered on by the
power source of the bicycle. The 1dentification of the time at
which the electronic component was powered on by the
power source of the bicycle includes identification of the
time at which the electronic component was powered on by
the power source based on the timer.

In one example, the other electronic component of the
bicycle 1s the power source and the power source 1s a battery.
The second power on time identifies a time at which
terminals of the battery were powered on.

In one example, the comparison of the second power on
time to the first power on time includes determination of a
time diflerence between the second power on time and the
first power on time. The processor 1s further configured to
compare the determined time difference to a predetermined
time difference threshold. The 1nitiation, based on the com-
parison, of the pairing includes mitiation of the pairing
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2

when, based on the comparison of the determined time
difference to the predetermined time difference threshold,
the determined time diflerence 1s less than the predetermined
time diflerence threshold.

In one example, the electronic component 1s a drive unit
of the bicycle.

In one example, the message 1s a first message, and the
other electronic component 1s a first other electronic com-
ponent. The processor 1s further configured to receive, via
the commumnication interface, a second message of the one or
more messages. The received second message 1s from a
second other electronic component of the bicycle and 1den-
tifies a third power on time. The third power on time 1s for
the second other electronic component. The processor 1s
turther configured to compare the third power on time to the
first power on time and 1nitiate, based on the comparison of
the third power on time to the first power on time, pairing of
the second other electronic component with the electronic
component.

In one example, wherein the processor 1s further config-
ured to receive, via the communication interface, a plurality
of messages of the one or more messages. The plurality of
messages include the message. The processor i1s further
configured to i1dentify a plurality of other electronic com-
ponents of the bicycle based on the received plurality of
messages. The plurality of other electronic components
include the other electronic component. The processor 1s
further configured to compare the identified plurality of
other electronic components of the bicycle to a previous
pairing configuration. The previous pairing configuration
identifies a plurality of electronic components previously
paired with the electronic component. The processor 1s
turther configured to execute an action based on the com-
parison of the identified plurality of other electronic com-
ponents of the bicycle to the previous pairing configuration.

In one example, the message 1s a first message. The
comparison of the identified plurality of other electronic
components of the bicycle to the previous pairing configu-
ration includes identification of an additional electronic
component not included within the previous pairing con-
figuration. The processor 1s further configured to determine,
based on a second message of the plurality of received
messages, whether the additional electronic component 1s a
human-machine interface (HMI), and transfer, via the com-
munication interface, pairing imnformation for at least some
other electronic components of the plurality of other elec-
tronic components when the additional electronic compo-
nent 1s the HMI.

In one example, the comparison of the identified plurality
of other electronic components of the bicycle to the previous
pairing configuration includes identification of a missing
clectronic component included within the previous pairing
configuration. The processor 1s further configured to 1den-
tify, based on the plurality of messages, whether a compo-
nent of the plurality of other electronic components 1s a
replacement for the missing electronic component. The
processor 1s further configured to inmitiate pairing of the
component with the electronic component when the com-
ponent 1s the replacement for the missing electronic com-
ponent and generate a warning when the plurality of other
clectronic components do not include the replacement for
the missing electronic component.

In one example, a power source for a bicycle includes a
housing, output terminals supported by the housing, and a
sensor supported by the housing. The sensor 1s configured to
detect a matching component on the bicycle. The power
source also includes a processor in communication with the
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sensor. The processor 1s configured to enable the output
terminals after the sensor detects the matching component
on the bicycle, such that one or more electronic components
of the bicycle are powerable by the power source.

In one example, the processor 1s further configured to
determine an enablement time and initiate, based on the
determined enablement time, a pairing ol an electronic
component of the one or more electronic components with
the power source.

In one example, the processor 1s further configured to
receive a power on time from the electronic component and
compare the received power on time to the determined
enablement time. The initiation, based on the determined
cnablement time, of the pairing of the electronic component
with the power source includes initiation, based on the
comparison, of the pairing of the electronic component with
the power source.

In one example, the comparison of the received power on
time to the determined enablement time includes determi-
nation of a time difference between the recerved power on
time and the determined enablement time, and comparison
of the determined time difference to a predetermined thresh-
old time difference. The initiation, based on the comparison,
of the pairing of the electronic component with the power
source 1ncludes initiation of the pairing of the electronic
component with the power source when, based on the
comparison, the determined time difference 1s less than the
predetermined threshold time difference.

In one example, the electronic component 1s a drive unit
of the bicycle, and the drive unit includes the matching
component. The processor 1s further configured to 1dentify
an electronic component paired with the drive unit and
transmit a pairing request to the electronic component paired
with the drive unait.

In one example, the electronic component 1s a processor
of a drive unit of the bicycle, and the drive unit includes the
matching component. The enablement of the output termi-
nals includes enablement of the output terminals, such that
a voltage at the output terminals 1s a portion of a discharge
voltage of the power source. The processor of the drive unit
1s powerable by the portion of the discharge voltage of the
power source, but the drive unit 1s not powerable by the
portion of the discharge voltage of the power source.

In one example, after the initiation of the pairing of the
clectronic component with the power source, the processor
1s further configured to increase the voltage at the output
terminals, such that the drive unit 1s powerable by the power
source.

In one example, the sensor includes a reed switch, a Hall
ellect sensor, a near-field communication (NFC) sensor, or
any combination thereof. The matching component includes
a magnet, an NFC tag, or a combination thereof.

In one example, the processor being configured to deter-
mine the enablement time includes the processor being
turther configured to start a timer after the sensor detects the
matching component on the bicycle and determine the
enablement time based on the timer.

In one example, the processor 1s further configured to
receive a signal from the sensor and detect the matching
component on the bicycle based on the received signal from
the sensor.

In one example, a system for controlling a bicycle
includes a power sour ¢ including a housing, output termi-
nals supported by the housing, and a sensor supported by the
housing. The sensor 1s configured to detect a matching
component on an electronic component. The power source
also includes a first communication interface and a first
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processor 1 communication with the sensor and the first
communication interface. The first processor 1s configured
to enable the output terminals after the sensor detects the
matching component on the electronic component, such that
the electronic component 1s powerable by the power source.
The first processor 1s further configured to identity an
enablement time. The enablement time 1dentifies a time at
which the output terminals were enabled. The first processor
1s Turther configured to transmit, via the first communication
interface, a message to the electronic component. The mes-
sage includes the identified enablement time. The electronic
component includes a second communication interface and
a second processor i communication with the second
communication interface. The second processor 1s config-
ured to identify a power on time. The power on time
identifies a time at which the electronmic component was
powered on by the power source. The second processor 1s
turther configured to listen for one or more messages after
the electronic component 1s powered on. The one or more
messages include the message transmitted by the power
source. The second processor 1s further configured to
recelve, via the second communication interface, the mes-
sage, compare the 1dentified power on time to the identified
enablement time, and i1mtiate, based on the comparison,
pairing ol the power source with the electronic component.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features, and advantages of the present disclosure
will become apparent upon reading the following descrip-
tion 1n conjunction with the drawing figures, 1n which:

FIG. 1 shows a side view of one example of an electronic
bicycle with components that may be paired 1nto a wireless
network 1n accordance with the teachings of this disclosure;

FIG. 2 15 a side view of one example of a rear derailleur;

FIG. 3 1s a block diagram of an embodiment of an
clectromechanical control system;

FIG. 4 1s a block diagram of an embodiment of an
operation component;

FIG. 5 1s a flow chart of an embodiment of a method for
pairing electronic bicycle components; and

FIG. 6 1s a flow chart of another embodiment of a method
for pairing electronic bicycle components.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

L1

A wireless communication system of an electric bicycle
may be used to transmit information and control signals
between an electronic component of the electric bicycle and
a power source such as a battery pack that 1s connectable to
the electric bicycle. For example, the wireless communica-
tion system may run a wireless protocol, via which infor-
mation and control signals may be transmitted between a
drive unit of the electric bicycle and a battery pack. Devices
that are to communicate via the wireless communication
system are paired together by pressing and holding control
buttons on the respective devices to be paired together. Such
a control button on the battery pack presents mechanical
packaging 1ssues related to placement and sealing. Further,
such a pairing procedure 1s dithicult for a user of an electric
bicycle who uses a number of different connectable battery
packs and/or shares the battery pack with other nders.

The present embodiments use the wireless communica-
tion system and the ability of a battery pack to control power
to components of the electric bicycle for automatic pairing
between one or more of the components and the battery
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pack. The battery pack includes a sensor (e.g., a reed switch,
a Hall-eflect sensor, or a near field communication (NFC)
tag) that detects a matching component on the electric
bicycle (e.g., a magnet or an NFC tag of a drive unit of the
clectric bicycle). When the sensor of the battery pack detects
the matching component, the battery pack enables output
terminals of the battery pack and powers one or more
components of the electric bicycle. For example, the battery
pack enables the output terminals of the battery pack and
powers a microcontroller of the electric bicycle.

When the microcontroller of the electric bicycle, for
example, 1s powered on, the microcontroller transmits (e.g.,
broadcasts) a wireless message that includes an amount of
time the microcontroller has been powered on (e.g., a time
since power up). The microcontroller continues to transmit
the wireless message (e.g., at a predetermined rate), updat-
ing the time since power up on each wireless message
transmit, until the microcontroller, for example, has been
paired to the battery pack.

The battery pack listens for the wireless message and
determines a time from when the output terminals were
powered on, a time that the wireless message was recerved
from the electric bicycle, and the time since power up
included 1n the wireless message received from the electric
bicycle. If all of this information aligns (e.g., the time from
when the output terminals of the battery pack were powered
on and the time since power up ol the microcontroller
included 1n the wireless message), then the battery pack, the
microcontroller, an electric assist drive unit, and any other
devices previously paired to the electric bicycle (e.g., derail-
leurs, head units, human-machine interfaces (HMIs), etc.)
will complete the pairing process.

In one embodiment, an electronic component for an
clectric bicycle (e.g., a microcontroller of an electric assist
drive umt) includes a communication interface (e.g., a
wireless communication interface) and a processor 1 com-
munication with the communication interface. The proces-
sor 1s configured to 1dentily a first power on time. The first
power on time identifies a time at which the electronic
component was powered on by a power source of the
bicycle. The processor 1s further configured to listen for one
or more messages aiter the electronic component 1s powered
on and receive, via the communication interface, a message
of the one or more messages. The received message 1s from
another electronic component (e.g., a battery) of the bicycle
and 1dentifies a second power on time. The second power on
time 1s for the other electronic component (e.g., a time at
which power from the battery to the electric assist drive unit
1s enabled). The processor 1s further configured to compare
the second power on time to the first power on time and
initiate, based on the comparison, pairing between the other
clectronic component and the electronic component.

After the microcontroller has discovered all devices that
are connected to the battery pack, the microcontroller then
determines 1f any new pairing actions or error handling 1s to
be provided. If the discovered devices are the same that were
previously paired to the system (e.g., a previous pairing
configuration) and all previously paired devices are present,
then the microcontroller takes no action, and the electric
bicycle may operate in a normal state. IT a device 1s missing
from the previous pairing configuration, then the microcon-
troller checks to see 1f an equivalent replacement device has
been discovered. If an equivalent replacement device has
been discovered, the microcontroller pairs the equivalent
replacement device into the system and may alert the user
that a new device has been paired into the system. If a
replacement device 1s not found, and the missing device 1s
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critical (e.g., a drive unit), then the HMI or an application
running on the HMI or another computing device notifies the
user that a replacement device 1s not found, and the electric
bicycle may not operate. If a new device 1s 1dentified (e.g.,
via a recerved wireless message) by the microcontroller, and
the new device 1s an HMI, then the microcontroller transters
the pairing information to the new HMI and prompts the user
via the HMI or the application running on the HMI or on the
other computing device to repair all non-connected devices
(e.g., shifters, seat posts, etc.).

A significant advantage of the disclosed bicycle compo-
nent control 1s that pairing of electrical components on a
bicycle may be accomplished without user intervention. In
other words, the user does not have to go through the
traditional pairing process ol pressing multiple physical
buttons on a number of devices in a specific order, for
example, to pair the electrical components on the bicycle.
This provides for a better user experience and decreases the
time required for the pairing process. This also avoids the
mechanical packaging 1ssues related to placement and seal-
ing of a control button on the battery pack. Another advan-
tage 1s that multiple different battery packs may be used and
paired with the electric bicycle without the use of such a
control button.

Wireless communication between components 1s
described herein. Although the present specification
describes components and functions that may be imple-
mented 1n particular wireless communication embodiments
with reference to particular standards and protocols, the
invention 1s not limited to such standards and protocols. For
example, standards for Internet and other packet switched
network transmission (e.g., TCP/IP, UDP/IP, HIML, HT'TP,
HTTPS) represent examples of the state of the art. Such
standards are periodically superseded by faster or more
cllicient equivalents having essentially the same functions.
Accordingly, replacement standards and protocols having
the same or similar functions as those disclosed herein are
considered equivalents thereof.

In the case of wireless communication, the components
will imtially be paired so as to allow secure communication
between components on the bicycle without interference
from devices not associated with the system. One or more of
the components may also be paired with a separate device
such as a computer, tablet, or phone (e.g., a mobile com-
puting device). This paired device may provide the user
interface to allow the user to communicate with the com-
ponents on the bicycle. Examples of communication are
updating firmware, setting variables, and running diagnostic
tools and analysis.

These and other objects, features, and advantages of the
disclosed bicycle component control will become apparent
to those having ordinary skill in the art upon reading this
disclosure. Throughout the drawing figures, where like
reference numbers are used, the like reference numbers
represent the same or substantially similar parts among the
various disclosed examples. Also, specific examples are
disclosed and described herein that utilize specific combi-
nations of the disclosed aspects, features, and components of
the disclosure. However, it 1s possible that each disclosed
aspect, feature, and/or component of the disclosure may, 1n
other examples not disclosed or described herein, be used
independent of or in diflerent combinations with other of the
aspects, features, and components of the disclosure.

Turmning now to the drawings, FIG. 1 illustrates an
example bicycle 100 (e.g., e-bike or electric bicycle) that
includes a frame 106, handlebars 108, and a seat 110. The

bicycle 100 also includes a first or front wheel 112 and a
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second or rear wheel 114. A front brake 116 and/or a rear
brake 118 are included to brake the front wheel 112 and the
rear wheel 114, respectively. The front brake 116 and/or the

rear brake 118 are controlled by at least one brake actuator
120. The bicycle 100 includes a drive train 122. The drive

train 122 of FIG. 1 includes a crank assembly 124 opera-

tively coupled to a rear cassette 126 via a chain 128. The
crank assembly includes crank arms 130 and pedals 132, as
well as at least one chainring 134 configured to operatively

couple with the chain 128 to transmit force and/or power
exerted onto the crank assembly 124 to the chain 128. This

force and/or power 1s transmitted to the rear cassette 126 by
the chain 128, whereby a motivating force and/or power 1s
transmitted to the rear wheel 114 from the rear cassette 126.
While the drive train 122 includes a gear changer (e.g., a rear
derailleur 102 1n the illustrated embodiment), other trans-
missions such as an internal gear hub, a gear box, and/or a

continuously variable transmission may be applied to the
bicycle 100.

The drive train 122 may also include a power assist device
140. Pedaling torque 1s applied to the crank assembly 124 by
a rider using the pedals 132 and crank arms 130. The power
assist device 140 1s configured to assist the rotation of the
rear wheel 114. In the illustrated embodiment, the power
assist device 140 1s configured to assist the rotation of the
rear wheel 114 via a coupled connection to the crank
assembly 124. The power assist device 140 includes a power
assist motor 141 that 1s powered by a remote power source
142.

The chain 128 may be moved between individual sprock-
cts of the rear cassette 126 using the gear changer, such as
the rear derailleur 102, as shown in FIG. 1. The rear
derailleur 102, for example, 1s an electric gear changer that
1s controlled by signals indicating that a shift command has
been actuated by the bicycle operator, or rider. The electric
rear derailleur 102 may be alternatively powered by an
integrated power source or the remote power source 142,
using a power conductive connector or cable 144. The power
1s provided from the remote power source 142 through the
cable 144 to an mtermediate power connector 104 that 1s
coupled to the rear derailleur 102. The shift commands are
implemented using an electric actuator of the user interface
148 that 1s manually operable by the rider. The signals
indicating the shift commands may be communicated to the
clectric rear derailleur 102 using wired and/or wireless
communication techmaques.

Referring to FI1G. 2, the rear derailleur 102 1s attached to
the bicycle frame 106 and positioned next to the rear cassette
126. The chain 128 1s only schematically shown 1n dashed
lines. The electric, or electromechanical, rear derailleur 102
includes a base member 150 (e.g., a “b-knuckle”), an outer
link 152, and an 1nner link 154. The base member 150 1s
attachable to the bicycle frame 106 1n a conventional man-
ner. The mner link 154 1s pivotally attached to the base
member 150 by link pins, for example. A moveable member
or assembly 156 (e.g., a “p-knuckle”) 1s pivotally connected
to the outer link 152 and the iner link 154 at an end opposite
the base member 150 to permit displacement of the move-
able assembly 156 relative to the base member 150.

The rear derailleur 102 may also be configured to work
with an integrated power source 158, such as a removable
battery. In the examples shown 1 FIGS. 1 and 2, the
integrated power source or battery 158 1s attached to the rear
derailleur 102. The integrated power source 158 may power,
for example, a motor of the rear derailleur 102 used to shait
the rear derailleur 102.
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As shown 1n FIG. 1, the handlebar mounted user interface
148 may be a human-machine interface (HMI) and may
include one or more buttons (e.g., for pairing and shifting),
sensors, a display, a sound generator, one or more proces-
SOrs, memory, one or more communication interfaces (e.g.,
a wireless communication interface), and/or other compo-
nents. The user interface 148 may include more, fewer,
and/or diflerent components. In one embodiment, the user
interface 148 1s a head unit.

One, some, or all of the electric components discussed
above and/or other electric components may be connected to
the remote power source or remote battery 142. Addition-
ally, all communication between an e-bike central control
system or controller, and each of these electric components
1s achieved through wired or wireless communication. There
may be discrete control with individual wires from the
central controller to each component, or the system may use
a controller area network (“CAN”") bus designed to allow
microcontrollers and devices to communicate with each
other 1n applications.

While the illustrated bicycle 100 1s a mountain bicycle
and may 1nclude suspension components, such as a shock
absorbing front fork, the embodiments disclosed herein may
be implemented with other types of bicycles such as, for
example, road bicycles. The front and/or forward orientation
of the bicycle 100 1s indicated by the direction of the arrow
“A” 1n FIG. 1. As such, a forward direction of movement of
the bicycle 1s imndicated by the direction of the arrow A.

An e-bike central control system or controller may be
supported by a same housing as the power assist device 140.
The e-bike controller may control power from the remote
power source 142 to components on the bicycle 100 such as,
for example, the power assist device 140. The e-bike con-
troller may control power to other and/or different compo-
nents on the bicycle 100. The e-bike controller may send
signals (e.g., instructions, pairing information) to and/or
receive data (e.g., pairing information, instructions, and/or
sensor data) from components on the bicycle 100 such as,
for example, the derailleur 102, a suspension system, and/or
a seat post assembly to actuate and/or control components of

the bicycle 100.

In other embodiments, the e-bike controller may be
located in other locations (e.g., mounted on the handlebars
as part of the user interface 148) on the bicycle 100 or,
alternatively, may be distributed among various components
of the bicycle 100, with routing of a communication link to
accommodate necessary signal and power paths. In one
embodiment, the e-bike controller shares a housing with the
remote power source 142. The e-bike controller may also be
located 1n locations other than on the bicycle 100, such as,
for example, on a nider’s wrist or 1n a jersey pocket. The
communication link may include wires, may be wireless, or
may be a combination thereof. In one example, the e-bike
controller may be integrated with the rear derailleur 102 to
communicate control commands between components. The
¢-bike controller may include a processor, a communication
device (e.g., a wireless communication device), a memory,
and one or more communication interfaces.

In one example, the e-bike controller controls pairing of
clectric components into a wireless network, via which the
clectric components communicate. Additionally, the control-
ler of the derailleur and/or the e-bike controller wirelessly
actuates a motor module of the derailleur 102 and/or an
assist motor and operates the derailleur 102 for executing
gear changes and gear selection. Additionally or alterna-
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tively, the controller of the derailleur and/or the e-bike
controller may be configured to control gear shifting of a
front gear changer.

The bicycle 100 may include one or more sensors. For
example, the one or more sensors may include a wheel speed
sensor that 1s configured to determine a wheel speed based
on sensing a sensing element (e.g., a magnet) positioned on,
for example, the rear wheel 114 of the bicycle 100. The one
or more sensors may also include, for example, an inertial
measurement umt (IMU) as part of, for example, the e-bike
controller.

The remote power source 142 may include a sensor 160
configured to i1dentily when the remote power source 142 1s
installed on the bicycle 100 and i1dentily whether the remote
power source 142 1s an appropriate power source for the
bicycle 100. The sensor 160 may be any number of different
types of sensors including, for example, a reed switch, a
Hall-eflect sensor, a near field communication (NFC) tag,
another type of sensor, or any combination thereof. The
sensor 160 may be supported by a housing 162 of the remote
power source 142.

The bicycle 100 (e.g., the frame 106 of the bicycle 100)
supports a matching component 164. The sensor 160 1s
configured to identify the matching component 164 when
the remote power source 142 1s 1nstalled on the bicycle 100,
and generate a signal when the matching component 164 1s
identified. The matching component 164 may be any number
of different passive components including, for example, a
magnet that may be sensed by a reed switch or a Hall-eflect
sensor 160, or an NFC tag that may be sensed by another
NFC tag operating as the sensor 160. Other combinations of
sensor 160 and matching component 164 may be provided.

The remote power source 142 also includes output ter-
minals 166 supported by the housing 162 of the remote
power source 142. The remote power source 142 may apply
a voltage to one or more components of the bicycle 100 via
the output terminals 166 of the remote power source 142.
For example, the remote power source 142 may apply a
voltage to the power assist device 140 (e.g., the power assist
motor 141) via the output terminals 166 of the remote power
source 142.

FIG. 3 shows an example of a control system 300 (e.g., an
clectromechanical control system) for the bicycle 100, for
example. The control system 300 includes an e-bike con-
troller 302, the power assist device 140, the remote power
source 142, the rear derailleur 102, and one or more sensors.
The power assist device 140 includes, for example, an assist
motor.

The one or more sensors include, for example, a pedal
speed sensor 304 and a wheel speed sensor 306 (e.g., the
wheel speed sensor 160). For example, the pedal speed
sensor 304 measures a rotational speed of at least one of the
crank arms 130, and the wheel speed sensor 306 measures
a rotational speed of at least one of the wheels 114, 112. In
one embodiment, the one or more sensors may include at
least two wheel speed sensors 306, one for the front wheel
112 and one for the rear wheel 114.

As shown 1n the embodiment of FIG. 3, the power assist
device 140, the remote power source 142 (e.g., when
installed), the rear derailleur 102, and the one or more
sensors (e.g., the pedal speed sensor 304 and the wheel
speed sensor 306) may be 1n direct communication with the
¢-bike controller 302. Alternatively or additionally, at least
some components of the control system 300 may be 1n
indirect communication with the e-bike controller 302. For
example, the wheel speed sensor 306 and/or the pedal speed
sensor 304 may be 1n direct communication with the rear
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derailleur 102 and indirect communication with the with the
¢-bike controller 302 via the rear derailleur 102. Commu-
nication between the components of the control system 300
may be wired communication and/or wireless communica-
tion.

Each communication link 310 between the components of
the control system 300 may be 1n both directions. In other
words, data flow between components of the control system
300 in direct communication may be 1n both directions. For
example, the remote power source 142 may receive signals
from the e-bike controller 302 or the rear derailleur 102 and
return information about the remote power source 142 (e.g.,
charge state) to the e-bike controller 302 or the rear derail-
leur 102. The communication links 310 may be established
alter pairing.

FIG. 4 1s a block diagram of an operation component 400.
The operation component 400 may be or may be part of one
or more of the previously described components such as, for
example, the rear derailleur 102, the power assist device
140, the remote power source 142, and the e-bike controller
302. The operation component 400 may also be another
component, such as an internal gearbox component, a sus-
pension or an adjustable suspension component, or an
adjustable seating component. A plurality of operation com-
ponents 400 may be provided.

The operation component 400 1s provided with an opera-
tion unit 402, which may be a circuit board or an alternative
configuration. The operation unit 402 includes an operation
processor 404, an operation memory 406, an operation user
interface 408, an operation power source 410, an operation
communication interface 412, and an operation device inter-
face 414. In an embodiment, the operation communication
interface 412 i1s 1n communication with an operation com-
munication device 416, and the operation device interface
414 1s 1n communication with an operation device 418.
Additional, different, or fewer components may be provided.
For example, the operation user interface 408 may be
omitted (e.g., for the remote power source 142).

The structure, connections, and functions of the operation
processor 404 may be representative of those of the rear
derailleur 102, a front derailleur, the e-bike controller 302,
the power assist device 140, the remote power source 142,
or another component. The operation processor 404 may
include a general processor, digital signal processor, an
ASIC, FPGA, analog circuit, digital circuit, combinations
thereol, or other now known or later developed processor.
The operation processor 404 may be a single device or
combinations of devices, such as through shared or parallel
processing.

The operation memory 406 may be a volatile memory or
a non-volatile memory. The operation memory 406 may
include one or more of a ROM, a RAM, a flash memory, an
EEPROM, or other type of memory. The operation memory
406 may be removable from the operation component 400,
such as an SD memory card. In a particular non-limiting,
exemplary embodiment, a computer-readable medium may
include a solid-state memory such as a memory card or other
package that houses one or more non-volatile read-only
memories. Further, the computer-readable medium may be a
random access memory or other volatile re-writable
memory. Additionally, the computer-readable medium may
include a magneto-optical or optical medium, such as a disk
or tapes or other storage device. Accordingly, the disclosure
1s considered to include any one or more of a computer-
readable medium and other equivalents and successor
media, in which data or instructions may be stored.
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The operation memory 406 1s a non-transitory computer-
readable medium and 1s described to be a single medium.
However, the term “computer-readable medium™ includes a
single medium or multiple media, such as a centralized or
distributed memory structure, and/or associated caches that
are operable to store one or more sets of instructions and
other data. The term “computer-readable medium”™ shall also
include any medium that 1s capable of storing, encoding, or
carrying a set of instructions for execution by a processor or
that cause a computer system to perform any one or more of
the methods or operations disclosed herein.

The operation power source 410 1s a portable power
source, which may be stored internal to the operation
component 400 or stored external to the operation compo-
nent 400 and communicated to the operation component
through a power conductive cable. The operation power
source 410 may involve the generation of electric power, for
example using a mechanical power generator, a fuel cell
device, photo-voltaic cells, piezoelectric, or other power-
generating devices. The operation power source 410 may
include a battery such as a device consisting of two or more
clectrochemical cells that convert stored chemical energy
into electrical energy. The operation power source 410 may
include a combination of multiple batteries or other power
providing devices. Specially fitted or configured battery
types, or standard battery types may be used.

In the example where the operation component 400 1s the
rear derailleur 102, the operation power source 410 may be
stored internal to the operational component 400. In the
example where the operation component 400 1s the power
assist device 140, the operation power source 410 may be
stored external to the operation component 400. For
example, the power assist device 140 may be powered by the
remote power source 142 of FIG. 1.

The operation device interface 414 provides for operation
of a component of the bicycle 100. For example, the
operation device iterface 414 may transmit power from the
operation power source 410 to generate movement 1n the
operation device 418. In various embodiments, the operation
device interface 414 sends power to control movement of
the assist motor 140, a motor of the rear derailleur 102, a
motor of the front derailleur, or any combination thereof. In
one embodiment, the operation component 400 1s the remote
power source 142, and the operation device interface 414
sends power to control movement of the power assist device
140. The operation device interface 414 includes wired
conductive signals and/or data communication circuitry
operable to control the operation device 418.

The operation user interface 408 may be one or more
buttons, keypad, keyboard, mouse, stylus pen, trackball,
rocker switch, touch pad, voice recognition circuit, or other
device or component for communicating data between a user
and the operation component 400. The operation user inter-
face 408 may be a touch screen that may be capacitive or
resistive. The operation user intertace 408 may include an
LCD panel, LED, LED screen, TFT screen, or another type
of display. The operation user interface 408 may also include
audio capabilities or speakers.

The operation communication iterface 412 is configured
to receive, with the operation communication device 416,
data such as pairing information, measurement data (e.g.,
rotational crank speed, rotational wheel speed, bicycle
speed, and/or torque), anticipation signals, operation signals,
and/or other signals from bicycle components (e.g., the
pedal speed sensor 304, the wheel speed sensor 306, a torque
sensor, and/or the e-bike controller 302). In one embodi-
ment, the operation component 400 1includes more than one
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operation communication interface 412 1n communication
with more than one operation communication device 416,
respectively. The operation communication interface 412
may also be configured to send data such as status signals
(e.g., charge status signals) for reception by, for example, the
¢-bike controller 302. The operation communication 1nter-
face 412 communicates the data using any operable con-
nection. An operable connection may be one 1 which
signals, physical communications, and/or logical communi-
cations may be sent and/or received. An operable connection
may include a physical interface, an electrical interface,
and/or a data interface. One or more operation communica-
tion interfaces may provide for wireless communications
through the operation communication device 416 in any now
known or later developed format. Although the present
specification describes components and functions that may
be implemented 1n particular embodiments with reference to
particular standards and protocols, the invention 1s not
limited to such standards and protocols. For example, stan-
dards for Internet and other packet switched network trans-
mission (e.g., TCP/IP, UDP/IP, HITML, HTTP, HTTPS)
represent examples of the state of the art. Such standards are
periodically superseded by faster or more eflicient equiva-
lents having essentially the same functions. Accordingly,
replacement standards and protocols having the same or
similar functions as those disclosed herein are considered
equivalents thereof.

In accordance with various embodiments of the present
disclosure, methods described herein may be implemented
with software programs executable by a computer system,
such as components of the control system 300 (e.g., the
e-bike controller 302, the rear derailleur 102, and the remote
power source 142), and/or other components on the bicycle
100 and/or worn by the user. Further, in an exemplary,
non-limiting embodiment, implementations may include
distributed processing, component/object distributed pro-
cessing, and parallel processing. Alternatively, virtual com-
puter system processing can be constructed to implement
one or more of the methods or functionalities as described
herein.

A computer program (also known as a program, software,
soltware application, script, or code) may be written 1n any
form of programming language, including compiled or
interpreted languages, and the computer program may be
deployed 1n any form, including as a standalone program or
as a module, component, subroutine, or other unit suitable
for use 1 a computing environment. A computer program
does not necessarily correspond to a file in a file system. A
program may be stored in a portion of a file that holds other
programs or data (e.g., one or more scripts stored in a
markup language document), 1n a single file dedicated to the
program 1n question, or 1n multiple coordinated files (e.g.,
files that store one or more modules, sub programs, or
portions of code). A computer program may be deployed to
be executed on one computer or on multiple computers that
are located at one site or distributed across multiple sites and
interconnected by a communication network.

The processes and logic flows described 1n this specifi-
cation may be performed by one or more programmable
processors executing one or more computer programs to
perform functions by operating on input data and generating
output. The processes and logic flows may also be per-
formed by, and the apparatus may also be implemented as,
special purpose logic circuitry (e.g., an FPGA or an ASIC).

As used 1n this application, the term ‘circuitry’ or ‘circuit’
refers to all of the following: (a) hardware-only circuit
implementations (such as implementations in only analog
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and/or digital circuitry) and (b) to combinations of circuits
and software (and/or firmware), such as (as applicable): (1)
to a combination of processor(s) or (11) to portions of
processor(s)/software (including digital signal processor(s)),
software, and memory(ies) that work together to cause an
apparatus, such as a mobile phone or server, to perform
various functions) and (¢) to circuits, such as a micropro-
cessor(s) or a portion ol a microprocessor(s), that require
software or firmware for operation, even 1f the software or
firmware 1s not physically present.

This definition of ‘circuitry”’ applies to all uses of this term
in this application, including in any claims. As a further
example, as used 1n this application, the term *“circuitry”
would also cover an implementation of merely a processor
(or multiple processors) or portion of a processor and 1ts (or
their) accompanying soitware and/or firmware, as well as
other electronic components. The term “circuitry” would
also cover, for example and if applicable to the particular
claim element, a baseband integrated circuit or applications
processor itegrated circuit for a mobile computing device
or a similar integrated circuit in server, a cellular network
device, or other network device.

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor receives
instructions and data from a read only memory or a random
access memory or both. The essential elements of a com-
puter are a processor for performing instructions and one or
more memory devices for storing instructions and data.
Generally, a computer also includes, or i1s operatively
coupled to receive data from or transier data to, or both, one
or more mass storage devices for storing data (e.g., mag-

netic, magneto optical disks, or optical disks). However, a
computer need not have such devices. Moreover, a computer
may be embedded 1n another device such as, for example, a
mobile telephone, a personal digital assistant (“PDA™), a
mobile audio player, a Global Positioning System (“GPS™)
receiver, a control unit, a rear derailleur, or a front gear
changer, to name just a few. Computer readable media
suitable for storing computer program instructions and data
include all forms of non-volatile memory, media, and
memory devices, including by way of example: semicon-
ductor memory devices (e.g., EPROM, EEPROM, and flash
memory devices); magnetic disks (e.g., mternal hard disks
or removable disks); magneto optical disks; and CD-ROM
and DVD-ROM disks. The processor and the memory may
be supplemented by, or incorporated in, special purpose
logic circuitry.

The operation communication device 416 provides for
data and/or signal commumnication from the operation com-
ponent 400 to another component of the bicycle 100, or an
external device such as a mobile phone or other computing
device. The operation communication device communicates
the data using any operable connection. An operable con-
nection may be one 1n which signals, physical communica-
tions, and/or logical communications may be sent and/or
received. An operable connection may include a physical
interface, an electrical interface, and/or a data interface. The
control communication device may be configured to com-
municate wirelessly, and as such include one or more
antennae. The control communication device provides for
wireless communications in any now known or later devel-
oped format.

A control antenna may also be provided. The control
antenna may be a plurality of control antennae. The opera-
tion component 400 may include an antenna with circuitry
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of a PCB of the operation component 400; however, addi-
tional antennae may also be included 1n the circuitry. The
control antenna may be integrated with another component
ol the bicycle 100 or may be an independent component. For
example, the control antenna may be integrated as part of the
¢-bike controller 302, as part of the remote power source
142, and/or as part of the rear derailleur 102.

FIG. 5 illustrates a method 500 for pairing one or more
components (e.g., electric or electronic components; opera-
tions components 400) into a network of a bicycle. For
example, the method 500 may be executed to pair a first
clectronic bicycle component (e.g., the e-bike controller
302) and a second electronic bicycle component (e.g., the
remote power source 142) into a network of the bicycle. The
acts of the method 500 presented below are intended to be
illustrative. In some embodiments, the method 500 may be
accomplished with one or more additional acts not
described, and/or without one or more of the acts discussed.
Additionally, the order in which the acts of the method 500
are 1llustrated 1n FIG. 5 and described below 1s not intended
to be limiting.

In some embodiments, the method 500 may be 1mple-
mented 1n one or more processing devices (e.g., digital
processor, an analog processor, a digital circuit designed to
process mformation, an analog-circuit designed to process
information, a state machine, and/or other mechanisms for
clectronically processing information). The one or more
processing devices include one or more devices executing
some or all the acts of the method 500 in response to
istructions stored electronically on an electronic storage
medium. The one or more processing devices are configured
through hardware, firmware, and/or software to be specifi-
cally designed for execution of one or more of the acts of the
method 500. As presented 1n the following, acts may be
performed using any combination of the components indi-
cated 1n FIGS. 1-4, and/or other components.

In act 502, a processor (e.g., ol a power source) detects
connection ol the power source, in this embodiment, a
battery with a bicycle (e.g., the electric bicycle 100 of FIG.
1). For example, the battery includes a sensor in communi-
cation with the processor of the battery, and the sensor
detects a matching component on or in the bicycle. The
battery includes any number of different types of sensors
including, for example, a reed switch, a Hall-eflect sensor, a
near field communication (NFC) tag, or another type of
sensor. The bicycle includes any number of matching pas-
sive components including, for example, a magnet or a
matching NFC tag. The matching component (e.g., a mag-
net) 1s positioned on or 1n the bicycle (e.g., on a frame of the
bicycle), such that the sensor of the battery (e.g., the
Hall-eflect switch) senses the matching component when the
battery 1s installed on the bicycle.

For example, the bicycle may include a battery housing
supported by the frame of the bicycle. The battery 1s
installable 1n the battery housing of the bicycle to 1mitiate
both a physical connection and an electrical connection of
the battery to the electric bicycle. The battery housing
supports the matching component, such that when the bat-
tery 1s installed in the battery housing of the bicycle, the
sensor of the battery senses the matching component of the
bicycle and thus the connection of the battery with the
bicycle.

The processor of the battery may detect connection of the
battery with the bicycle 1 other ways. For example, the
processor of the battery may detect a load above a prede-
termined threshold level and detect the connection of the
battery with the bicycle based on the detected load.
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In act 504, the processor of the battery enables output
terminals of the battery based on the detected connection of
the battery with the bicycle 1n act 502. In one embodiment,
the processor of the battery enables the output terminals of
the battery, such that the electric bicycle may be powered. In
other words, when the processor of the battery enables the
output terminals of the battery 1n act 504, the battery outputs
a large enough voltage to power all components of the
clectric bicycle powerable by the battery (e.g., a drive unait).
In another embodiment, the processor of the battery enables
the output terminals of the battery, such that a smaller
voltage (e.g., 3.3V or 5V) 1s output. The smaller outputted
voltage may be suflicient to power a controller (e.g., a
microcontroller) of the electric bicycle (e.g., of a drive unit
of the electric bicycle) but not the drive unit 1tself.

In one embodiment, the battery includes a memory in
communication with the processor of the battery. When the
processor of the battery enables the output terminals of the
battery in act 504, the processor generates a timestamp for
a time at which the battery enables the output terminals of
the battery mn act 504 and stores the timestamp in the
memory of the battery. Alternatively or additionally, the
processor may start a timer when the battery enables the
output terminals of the battery in act 504.

In act 506, an electronic component of the bicycle 1s
powered on 1n response to the enablement of the output
terminals of the battery in act 504. The electronic component
may be any number of different components of the bicycle.
For example, the electronic component 1s the controller of
the drive unit of the electric bicycle. In one embodiment, the
clectronic component i1s the drive unit itself, a derailleur
(e.g., a rear derailleur), or a seatpost. The electronic com-
ponent of the bicycle 1s powered on via the enabled output
terminals of the battery, input terminals of the electric
bicycle (e.g., at the battery housing of the electric bicycle),
and a wired network on and/or within the electric bicycle.

In act 508, the electronic component (e.g., a processor of
the electronic component) starts a timer 1n response to being,
powered on 1n act 506. The timer may be a hardware timer
or a software timer. Additionally or alternatively, the elec-
tronic component (e.g., the processor of the electronic
component) may generate a timestamp corresponding to
when the electronic component 1s powered on 1n act 506. In
one embodiment, the electronic component includes a
memory 1n communication with the processor of the elec-
tronic component, and the memory of the electronic com-
ponent stores the timestamp corresponding to when the
clectronic component 1s powered on 1n act 506. A reading of
the timer of the electronic component or the timestamp
stored 1n the memory of the electronic component may
represent a {irst power on time.

In act 510, the electronic component begins listening for
messages (e.g., broadcast messages). In one embodiment,
both acts 508 and 510 are executed in parallel when the
clectronic component 1s powered on 1n act 506. The elec-
tronic component includes a communication interface (e.g.,
a wireless communication interface; a first communication
interface), and the electronic component listens for the
messages via the first communication interface. The com-
munication interface of the electronic component may be
part of a wireless network that operates according to a
communication protocol.

The electronic component may listen for messages for a
predetermined amount of time. For example, the electronic
component may listen for messages for one second. In other
words, the electronic component listening for messages may
time out after one second. In other embodiments, the elec-

5

10

15

20

25

30

35

40

45

50

55

60

65

16

tronic component may listen for messages for a longer
period of time or a shorter period of time.

In act 512, the battery (e.g., the processor of the battery)
identifies a time at which the battery enabled the output
terminals of the battery 1 act 504. For example, the pro-
cessor of the battery identifies the timestamp stored in the
memory of the battery as the time at which the battery
enabled the output terminals of the battery 1 act 504. In
another embodiment, the processor of the battery 1dentifies
an elapsed time of a timer running on the battery and
determines the time at which the battery enabled the output
terminals of the battery 1 act 504 by subtracting the
identified elapsed time from a current time of a clock of the
battery. A reading of the timer running on the battery or the
timestamp stored 1n the memory of the battery may represent
a second power on time (e.g., a battery enablement time).

In act 514, the battery (e.g., the processor of the battery)
generates and transmits (e.g., broadcasts) a message that
includes the second power on time. The broadcast message
may include other information including, for example, pair-
ing information (e.g., a pairing key) for the battery.

The battery includes a communication interface (e.g., a
wireless communication interface; a second communication
interface), and the battery transmits the message that
includes the second power on time via the second commu-
nication interface. The second communication interface
(e.g., of the battery) may be part of the wireless network that
operates according to the communication protocol.

The generation and transmission of the message by the
battery in act 514 may be repeated any number of times. For
example, the battery may generate and transmait (e.g., broad-
cast) a message 1n act 514 at a predetermined Ifrequency
(e.g., every microsecond, every millisecond, every ten mil-
liseconds, or every 100 milliseconds). The messages gener-
ated and transmitted 1n act 514 may each include a same
second power on time (e.g., the timestamp stored in the
memory of the battery) or may include different power on
times (e.g., different elapsed times of the timer running on
the battery).

The generation and transmission of the messages i act
514 may be repeated at the predetermined frequency for a
predetermined period of time. For example, the predeter-
mined period of time may be two seconds. In other embodi-
ments, different predetermined periods of time may be
provided. In other words, the generation and transmission of
the messages 1 act 514 has, for example, a two second
timeout.

In act 516, the electronic component, which started lis-
tening for messages 1n act 510, receives the message trans-
mitted by the battery 1n act 514. The electronic component
may receive a number ol the messages (e.g., all of the
messages) transmitted by the battery mn act 514 via the
wireless network and the communication interface of the
clectronic component (e.g., the first communication inter-
face).

In act 518, the electronic component (e.g., the processor
of the electronic component) identifies the first power on
time. The processor of the electronic component, for
example, may 1dentify the first power on time from the
timestamp stored 1n the memory of the electronic component
or the timer runmng on the electronic component. For
example, the processor of the electronic component may
identify the first power on time based on a reading of the
timer running on the electronic component and a current
time of a clock of the electronic component (e.g., by
subtracting the reading of the timer from the current time of
the clock of the electronic component).




US 12,414,170 B2

17

In act 520, the electronic component (e.g., the processor
of the electronic component) compares the first power on
time of the electronic component 1dentified in act 518 to the
second power on time of the battery in the message received
in act 516. In one embodiment, the processor of the elec-
tronic component determines a diflerence between the first
power on time and the second power on time. For example,
the processor of the electronic component may subtract the
lesser of the first power on time and the second power on
time from the greater of the first power on time and the
second power on time.

In act 522, the electronic component (e.g., the processor
of the electronic component) determines, based on the
comparison of act 520, whether the first power on time of the
clectronic component matches the second power on time of
the battery. For example, the processor of the electronic
component determines whether the first power on time of the
clectronic component matches the second power on time of
the battery by comparing the determine diflerence between
the first power on time and the second power on time to a
predetermined threshold difference. The predetermined
threshold difference may be stored in the memory and be any
number of lengths of time. For example, the predetermined
threshold difference may be 400 milliseconds, though
greater or lesser predetermined threshold differences may be
used.

If, based on the comparison 1n act 522, the processor of
the electronic component, for example, determines the first
power on time of the electronic component does not match
the second power on time of the battery, the method 500
moves to act 524 where the method 500 ends. In other
words, the electronic component and the battery do not pair.
IT the processor of the electronic component, for example,
determines the first power on time of the electronic compo-
nent matches the second power on time of the battery (e.g.,
within 400 milliseconds), the method 500 determines legiti-
macy of the battery and moves to act 526.

In act 526, the electronic component (e.g., the processor
of the electronic component) mitiates a pairing between the
clectronic component and the battery. At act 526, the elec-
tronic component has identified one or more electronic
components that have matched the filtering criteria of act
522 (e.g., power on times within the predetermined thresh-
old difference) and are available to be paired into the
wireless network or another wireless network (e.g., operat-
ing according to another communication protocol).

In one embodiment, when the processor of the electronic
component, for example, determines the first power on time
of the electronic component matches the second power on
time of the battery, and the method 500 determines the
legitimacy of the battery, the battery may increase a smaller
voltage (e.g., 3.3V or 3V) enabled 1 act 504 (e.g., in
response to a request from the electronic component), such
that all electronic components of the electric bicycle that are
powerable by the battery (e.g., the drive unit) are powered
by the battery.

In one embodiment, as part of act 526, the battery sends
a pairing request to the electronic component (e.g., the
controller of the drive umit or the drive unit), one or more
other electronic components that have matched the filtering
criteria of act 522, and/or all electronic components cur-
rently paired to the electronic component (e.g., as part of a
previous pairing configuration). For example, the electronic
component may already be paired with a number of other
clectronic components (e.g., shifters, derailleurs, seat post
systems) within the wireless network, and the battery 1s
looking to join the already formed wireless network.
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In one embodiment, once the wireless network 1s formed,
including the battery, the battery may start transmitting
information about the battery to electronic components (e.g.,
the controller of the drive unit) in communication with the
battery via the wireless network. For example, the battery
may start transmitting information about the battery such as,
for example, charge level, faults, and/or other information
about the battery to any number of electronic components of
the bicycle in commumnication with the battery via the
wireless network.

In one embodiment, the method 500 is repeated for other
clectronic components 1n, on, or oil the bicycle. The method
500 may be pertormed for the other electronic components
in parallel with performance of the method 500 for the
battery, as described above. For example, the battery may
power at least some of the other electronic components, and
acts 512-526 may be performed for these other electronic
components 1n parallel with the performance of acts 512-526
for the battery, as described above. Each electronic compo-
nent of the bicycle that 1s powered by the battery may
transmit (e.g., broadcast) messages including power on
times and pairing information, respectively.

For example, when the battery 1s connected to the electric
bicycle, the battery may power a human-machine interface
(HMI). The HMI may be any device that 1s powerable by the
battery and includes a control button. In one embodiment,
the HMI 1s a head unit. In another embodiment, the HMI 1s
a device that includes a radio and a control button supported
by a housing. Other HMIs may be provided.

Acts 512-526 may be performed for the HMI 1n parallel
with acts 512-526 being performed for the battery, as
described above. For example, for the repeated act 512 for
the HMI, a processor of the HMI, for example, 1dentifies a
time the HMI was powered on (e.g., a third power on time).
The processor of the HMI, for example, identifies the third
power on time from a timestamp stored in a memory of the
HMI or a timer runming on the HMI started when the HMI
was powered on by the battery. For the repeated act 520, the
processor of the electronic component, for example, com-
pares the first power on time of the electronic component
identified 1n act 518 to the third power on time of the HMI
in the message received in repeated act 516. If the third
power on time of the HMI matches the first power on time
of the electronic component (e.g., within 400 milliseconds),
the HMI 1s included within the one or more components that
have matched the filtering criteria of act 522 and are
available to be paired into the wireless network or another
wireless network. This may be repeated (e.g., in parallel) for
any number of the other components that are powered by the
battery (e.g., a rear derailleur, a front derailleur, a seat post
system).

The battery and other electronic components of the
bicycle that are powerable by the battery (e.g., the drive unit
and the HMI) may generate and transmit (e.g., broadcast)
messages (e.g., including a power on time) to be received by,
for example, the electronic component of the bicycle (e.g.,
acting as a coordinator device) at a same frequency (e.g.,
every 10 milliseconds) and for a same time period (e.g., two
seconds). In another embodiment, some or all of the battery
and the other electronic components may generate and
transmit messages to be received by, for example, the
coordinator device at different frequencies and/or for difler-
ent time periods. For example, the battery may generate and
transmit messages for a time period of two seconds, while
the HIM may generate and transmit messages for a time
pertod of one second. The coordinator device (e.g., the
clectronic component 1n the method 500 described above)
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may listen for messages for a same time period (e.g., two
seconds) as the battery and the other electronic components
of the bicycle that generate and transmit messages. In
another embodiment, the coordinator device listens for mes-
sages for a different time period (e.g., one second) compared
to the battery and the other electronic components of the
bicycle (e.g., two seconds).

In one embodiment, the battery acts as the coordinator
device instead of the electronic component of the bicycle, as
described above. For example, the battery listens for mes-
sages 1n act 510 and receives the messages 1n act 516 1nstead
of the electronic component, and the electronic component
identifies a power on time 1n act 512 and generates and
transmits (e.g., broadcasts) the messages 1n act 514 instead
of the battery. The messages may include the identified
power on time and other information including, for example,
pairing information for the electronic component. In such an
embodiment, the battery may perform acts 518-526 instead
of the electronic component (e.g., the battery i1dentifies the
enablement time in act 318 instead of the electronic com-
ponent identifying a power on time). Other electronic com-
ponents of the electric bicycle (e.g., the HMI) may act as the
coordinator device.

The method 500 may include more, fewer, and/or differ-
ent acts. For example, the mitiating of the pairing in act 526
may include additional acts. FIG. 6 illustrates an example
method 600 for pairing electronic components (e.g., opera-
tions components 400) 1into a network of a bicycle based on
the components 1dentified as being available to be paired
into a wireless network by the method 500, for example, or
another method. The acts of the method 600 presented below
are 1ntended to be illustrative. In some embodiments, the
method 600 may be accomplished with one or more addi-
tional acts not described, and/or without one or more of the
acts discussed. Additionally, the order in which the acts of
the method 600 are illustrated 1n FIG. 6 and described below
1s not mntended to be limiting.

In some embodiments, the method 600 may be imple-
mented 1n one or more processing devices (e.g., digital
processor, an analog processor, a digital circuit designed to
process information, an analog-circuit designed to process
information, a state machine, and/or other mechanisms for
clectronically processing information). The one or more
processing devices include one or more devices executing
some or all the acts of the method 600 in response to
istructions stored electronically on an electronic storage
medium. The one or more processing devices are configured
through hardware, firmware, and/or software to be specifi-
cally designed for execution of one or more of the acts of the
method 600. As presented 1n the following, acts may be
performed using any combination of the components 1ndi-
cated 1n FIGS. 1-4, and/or other components.

In act 602, a processor of a coordinator device (e.g., an
clectronic component such as a drive unit) of a bicycle (e.g.,
an electric bicycle) 1identifies a roster of electronic compo-
nents of the bicycle that are available for pairing into a
wireless network. The electronic components may include a
battery of the electric bicycle and electronic components of
the electric bicycle that are powerable by the battery. The
roster ol the electronic components of the electric bicycle
that are available for pairing may be 1dentified as a result of,
for example, the method 500 of FIG. 5.

The roster may be stored in a memory of the coordinator
device or another memory 1n communication with the coor-
dinator device. For example, the roster may be a list or a
spreadsheet of device 1dentifications (e.g., device IDs) cor-
responding to the electronic components that are available
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for pairing (e.g., after the execution of the method 500 of
FIG. §). The device IDs 1dentily types of electronic com-
ponents that are available for pairing, respectively. In one
embodiment, mstead of device IDs, the roster may include
a list or a spreadsheet of the types of electronic components
that are available for pairing.

In act 604, the processor of the coordinator device, for
example, compares the roster of electronic components that
are available for pairing i1dentified 1n act 602 to a previous
pairing configuration. The previous pairing configuration
may 1dentily a plurality of electronic components that were
previous paired into the wireless network. In one embodi-
ment, the previous pairing configuration 1s a roster of
clectronic components most recently paired into the wireless
network. In another embodiment, the previous pairing con-
figuration 1s a roster of electronic components most often
paired into the wireless network. Other previous pairing
confligurations may be used.

The previous pairing configuration may be stored in the
memory of the coordinator device or the other memory, and
may be stored in any number of forms. For example, the
previous pairing configuration may be a list or a spreadsheet
of device IDs corresponding to the electronic components
that were previously paired into the wireless network. The
device IDs of the previous pairing configuration identify
types of electronic components that were previously paired
into the wireless network, respectively. In one embodiment,
instead ol device IDs, the previous pairing configuration
may be a list or a spreadsheet of the types of electronic
components that were previously paired into the wireless
network.

The comparison may be a comparison of device IDs
and/or a comparison of component types between, for
example, the identified roster and the previous pairing
configuration. The processor of the coordinator device, for
example, may determine whether all of the electronic com-
ponents of the identified roster are included within the
previous pairing configuration. The processor of the coor-
dinator device may also, for example, determine, based on
the comparison, whether the 1dentified roster includes more
clectronic components than the previous pairing configura-
tion, whether the 1dentified roster includes fewer electronic
components than the previous pairing configuration,
whether the 1dentified roster includes at least one diflerent
clectronic component than the previous pairing configura-
tion, and/or whether the 1dentified roster includes more than
one of a same type of electronic component.

In act 606, the processor of the coordinator device, for
example, determines, based on the comparison of act 604,
whether the roster of electronic components that are avail-
able for pairing matches the previous pairing configuration.
In other words, the processor of the coordinator devices
determines whether the electronic components that are avail-
able for pairing, as included within the roster, are the same
as the electronic components previous paired to the wireless
network, as defined by the previous pairing configuration
(e.g., all previously paired electronic components are pres-
ent). If, based on the comparison of act 604, the roster of
clectronic components that are available for pairing matches
the previous pairing configuration, the method moves to act
608. If, based on the comparison of act 604, the roster of
clectronic components that are available for pairing does not
match the previous pairing configuration, the method moves
to act 610.

In act 608, the electric bicycle may operate 1n a normal
state (e.g., a state according to the previous pairing configu-
ration), and no action i1s to be taken by the user. The
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clectronic components identified within the roster may be
paired to the wireless network without any user intervention
(e.g., based on pairing information previously broadcast by

the electronic components i1dentified within the roster, such
as 1n act 514 of the method 500 of FIG. 5).

In act 610, the processor of the coordinator device, for
example, determines, based on the comparison of act 604,
whether an electronic component from the previous pairing
configuration 1s missing {rom the roster identified in act 602.
In other words, the processor of the coordinator device
determines whether an electronic component i1dentified 1n
the previous pairing configuration 1s not included in the
roster 1dentified 1n act 602. If the processor determines,
based on the comparison of act 604, an electronic compo-
nent 1s missing, the method 600 moves to act 612. If the
processor determines, based on the comparison of act 604,
that an electronic component 1s not missing, the method 600
moves to act 614.

In act 612, the processor of the coordinator device, for
example, determines whether the roster 1dentified 1n act 602
includes a replacement (e.g., an equivalent replacement) for
the electronic component from the previous pairing configu-
ration that 1s missing. For example, the processor identifies
any extra electronic components icluded within the roster
but not included within the previous pairing configuration,
and compares a component type stored 1n the roster for the
extra electronic component, for example, to the component
type stored 1n the previous pairing configuration for the
missing electronic component, for example. If, based on this
comparison, the processor of the coordinator device deter-
mines the roster includes a replacement for the missing
clectronic component, the method 600 moves to act 616, and
the replacement electronic component included within the
roster 1s not longer identified as a mismatched electronic
component (e.g., not i1dentified as an additional electronic
component 1 act 614). If, based on this comparison, the
processor of the coordinator device determines the roster
does not include a replacement for the missing electronic
component, the method 600 moves to act 618. Act 612 may
be repeated for each electronic component missing from the
previous pairing configuration.

In act 616, the processor of the coordinator device, for
example, mstructs one of the electronic components of the
bicycle (e.g., the HMI) or a mobile computing device in
communication with the bicycle (e.g., a mobile phone) to
notily the user that a new electronic component (the replace-
ment electronic component) will be paired or has been
paired into the wireless network. For example, the mobile
phone may run an application, and the processor of the
coordinator device instructs the mobile device to notily the
user via the application. The notification may be any number
of different types of notifications including, for example, a
visual notification or an audio notification. After act 616, the
method 600 moves to act 614.

In act 618, the processor of the coordinator device, for
example, mstructs one of the electronic components of the
bicycle (e.g., the HMI) or a mobile computing device in
communication with the bicycle (e.g., a mobile phone) to
notily the user that an electronic component from the
previous pairing configuration 1s missing and no replace-
ment has been found. For example, the mobile phone may
run an application, and the processor of the coordinator
device mstructs the mobile device to notify the user via the
application. The notification may be any number of different
types of notifications including, for example, a visual noti-
fication or an audio notification.
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In one embodiment, the electronic components of the
identified roster that do match electronic components of the
previous pairing configuration pair into the wireless network
without user intervention. In another embodiment, none of
the electronic components of the i1dentified roster pair into
the wireless network due to the missing electronic compo-
nent identified based on the comparison of act 604.

Depending on the type of electronic component the miss-
ing electronic component 1s, the electric bicycle may not
operate. For example, if the missing electronic component 1s
critical to operation of the electric bicycle (e.g., a drive unit
1s missing), for example, then the electric bicycle will not
operate.

In act 614, the processor of the coordinator device, for
example, determines, based on the comparison of act 604,
whether the roster includes an additional electronic compo-
nent (e.g., a different electronic component) compared to the
previous pairing configuration. In other words, the processor
ol the coordinator device determines whether an electronic
component of the roster 1dentified 1n act 602 1s not included
in the previous pairing configuration. If the processor deter-
mines, based on the comparison of act 604, the roster
includes an additional electronic component, the method
600 moves to act 620. If the processor determines, based on
the comparison of act 604, that the roster does not include
an additional electronic component, the method 600 moves
to act 622. Act 614 may be repeated for each electronic
component missing from the previous pairing configuration.

In act 620, the processor of the coordinator device, for
example, determines whether the additional electronic com-
ponent included in the roster 1s an HMI. For example, the
processor of the coordinator device may 1dentity whether the
additional electronic component 1s an HMI based on the
component type stored within the roster in the memory of
the coordinator device corresponding to the additional elec-
tronic component, for example. If the processor determines
the additional electronic component 1s an HMI, the method
600 moves to act 624. If the processor determines the
additional electronic component 1s not an HMI, the method
600 moves to act 626.

In act 624, the processor of the coordinator device, for
example, transters pairing information to the new HMI (e.g.,
the additional electronic component included within the
roster) and 1nstructs one of the electronic components of the
bicycle (e.g., the new HMI) or a mobile computing device
in communication with the bicycle (e.g., a mobile phone) to
notily the user that pairing of all electronic components of
the bicycle not powerable by the battery (e.g., non-con-
nected electronic components), for example, will need to be
repaired. For example, the mobile phone may run an appli-
cation, and the processor of the coordinator device instructs
the mobile device to notity the user via the application. The
notification may be any number of diflerent types of noti-
fications including, for example, a visual notification or an
audio notification. The electronic components identified
within the roster that match the electronic components of the
previous pairing configuration may be paired to the wireless
network without any user intervention.

Non-connected electronic components of the bicycle may
be paired into the wireless network via the new HMI. While
some electronic components on the electric bicycle are
clectrically connected directly to the battery, a number of
clectronic components such as, for example, shifters, derail-
leurs (e.g., the rear derailleur), and the seatpost system may
be powered via their own battery. These non-connected
clectronic components may be paired to the wireless net-
work (e.g., and thus the coordinator device) via the new
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HMI using a standard pairing process. After the battery has
been 1nserted nto the electric bicycle and a power on pairing
process (e.g., a combination of the method 500 and the
method 600) has been completed, then the user may press
and hold a control button on the new HMI to initiate a
pairing session for the non-connected electronic compo-
nents. This manual pairing may only be redone when a new
HMI or coordinator device 1s mstalled on the electric
bicycle.

In act 626, the processor of the coordinator device, for
example, determines whether the additional electronic com-
ponent 1s a duplicate component. In other words, the pro-
cessor of the coordinator device determines whether the
component type of the additional electronic component
stored within the roster matches a component type of any
other electronic components stored within the roster. It the
processor of the coordinator devices determines the addi-
tional electronic component 1s a duplicate component, the
method 600 moves to act 628. If the processor of the
coordinator devices determines the additional electronic
component 1s not a duplicate component, the method 600
moves to act 622.

In act 628, the electric bicycle may operate 1n a normal
state (e.g., a state according to the previous pairing configu-
ration), and no action 1s to be taken by the user. The
clectronic components identified within the roster may be
paired to the wireless network without any user intervention.
The processor of the coordinator device, for example, may
also instruct one of the electronic components of the bicycle
(e.g., the HMI) or a mobile computing device 1n communi-
cation with the bicycle (e.g., a mobile phone) to notily the
user (e.g., generate an error message) that multiple elec-
tronic components identified i1n the roster have a same
device type. For example, the mobile phone may run an
application, and the processor of the coordinator device
instructs the mobile device to notily the user via the appli-
cation. The notification may be any number of different
types of notifications including, for example, a visual noti-
fication or an audio notification.

In act 622, pairing 1s completed based on the roster
identified 1n act 602. For example, the wireless network after
the pairing includes an additional electronic component. The
processor of the coordmator device, for example, may
tacilitate the pairing of the additional electronic component
into the wireless network. Alternatively, the processor of the
coordinator device may transmit pairing information for the
additional electronic component to another electronic com-
ponent of the bicycle (e.g., the HMI), and the other elec-
tronic component of the bicycle may facilitate the pairing of
the additional electronic component into the wireless net-
work.

The 1llustrations of the embodiments described herein are
intended to provide a general understanding of the structure
of the various embodiments. The illustrations are not
intended to serve as a complete description of all of the
clements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
and logical substitutions and changes may be made without
departing from the scope of the disclosure. Additionally, the
illustrations are merely representational and may not be
drawn to scale. Certain proportions within the illustrations
may be exaggerated, while other proportions may be mini-
mized. Accordingly, the disclosure and the figures are to be
regarded as 1llustrative rather than restrictive.
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While this specification contains many specifics, these
should not be construed as limitations on the scope of the
invention or of what may be claimed, but rather as descrip-
tions of features specific to particular embodiments of the
invention. Certain features that are described 1n this speci-
fication 1n the context of separate embodiments can also be
implemented in combination 1n a single embodiment. Con-
versely, various features that are described 1n the context of
a single embodiment can also be implemented 1n multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
acting in certain combinations and even 1mtially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.

Similarly, while operations and/or acts are depicted 1n the
drawings and described herein in a particular order, this
should not be understood as requiring that such operations
be performed 1n the particular order shown or i1n sequential
order, or that all illustrated operations be performed, to
achieve desirable results. In certain circumstances, multi-
tasking and parallel processing may be advantageous. More-
over, the separation of various system components in the
embodiments described above should not be understood as
requiring such separation in all embodiments, and it should
be understood that any described program components and
systems can generally be integrated together in a single
soltware product or packaged mto multiple software prod-
ucts.

One or more embodiments of the disclosure may be
referred to herein, individually and/or collectively, by the
term “‘invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any particular mvention or inventive concept. Moreover,
although specific embodiments have been 1llustrated and
described herein, it should be appreciated that any subse-
quent arrangement designed to achieve the same or similar
purpose may be substituted for the specific embodiments
shown. This disclosure 1s intended to cover any and all
subsequent adaptations or varnations of various embodi-
ments. Combinations of the above embodiments, and other
embodiments not specifically described herein, are apparent

to those of skill 1n the art upon reviewing the description.

The Abstract of the Disclosure 1s provided to comply with
37 C.F.R. § 1.72(b) and 1s submitted with the understanding
that 1t will not be used to interpret or limit the scope or
meaning of the claims. In addition, 1n the foregoing Detailed
Description, various features may be grouped together or
described 1n a single embodiment for the purpose of stream-
lining the disclosure. This disclosure 1s not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter may be directed to less than all of the features
of any of the disclosed embodiments. Thus, the following
claims are 1corporated into the Detailed Description, with
cach claim standing on 1ts own as defining separately
claimed subject matter.

It 1s mtended that the foregoing detailed description be
regarded as illustrative rather than limiting and that it 1s
understood that the following claims including all equiva-
lents are intended to define the scope of the invention. The
claims should not be read as limited to the described order
or elements unless stated to that eflect. Therefore, all
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embodiments that come within the scope and spirit of the
following claims and equivalents thereto are claimed as the
invention.

What 1s claimed 1s:

1. An electronic component for a bicycle, the electronic
component comprising:

a communication interface; and

a processor 1 communication with the communication

interface, the processor being configured to:

identify a first power on time, the first power on time
identifying a time at which the electronic component
was powered on by a power source of the bicycle;

listen for one or more messages aiter the electronic
component 1s powered on;

receive, via the communication interface, a message of
the one or more messages, the received message
being from another electronic component of the
bicycle and 1dentifying a second power on time, the
second power on time being for the other electronic
component;

compare the second power on time to the first power on
time; and

initiate, based on the comparison, pairing of the other
clectronic component with the electronic compo-
nent.

2. The electronic component of claim 1, wherein the
communication interface 1s a wireless communication inter-
face.

3. The electronic component of claam 1, wherein the
processor 1s further configured to start a timer when the
clectronic component 1s powered on by the power source of
the bicycle, and

wherein the 1dentification of the time at which the elec-

tronic component was powered on by the power source
of the bicycle comprises identification of the time at
which the electronic component was powered on by the
power source based on the timer.

4. The electronic component of claim 1, wherein the other
clectronic component of the bicycle 1s the power source, and
the power source 1s a battery, wherein the second power on
time 1dentifies a time at which terminals of the battery were
powered on.

5. The electronic component of claim 1, wherein the
comparison of the second power on time to the first power
on time comprises determination of a time diflerence
between the second power on time and the first power on
time,

wherein the processor 1s further configured to compare the

determined time difference to a predetermined time
difference threshold, and

wherein the mitiation, based on the comparison, of the

pairing comprises imtiation of the pairing when, based
on the comparison of the determined time difference to
the predetermined time difference threshold, the deter-
mined time difference 1s less than the predetermined
time difference threshold.

6. The electronic component of claim 1, wherein the
clectronic component 1s a electric drive unit of the bicycle.

7. The electronic component of claam 1, wherein the
message 15 a first message, and the other electronic compo-
nent 1s a {irst other electronic component,

wherein the processor 1s further configured to:

receive, via the communication interface, a second
message of the one or more messages, the received
second message being from a second other electronic
component of the bicycle and identifying a third
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power on time, the third power on time being for the
second other electronic component;

compare the third power on time to the first power on
time; and

initiate, based on the comparison of the third power on
time to the first power on time, pairing of the second
other electronic component with the electronic com-
ponent.

8. The electronic component of claim 1, wherein the

10 processor 1s further configured to:
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recerve, via the communication interface, a plurality of
messages of the one or more messages, the plurality of
messages including the message;

identity a plurality of other electronic components of the
bicycle based on the received plurality of messages, the
plurality of other electronic components including the
other electronic component;

compare the 1dentified plurality of other electronic com-
ponents of the bicycle to a previous pairing configu-
ration, the previous pairing configuration identifying a
plurality of electronic components previously paired
with the electronic component; and

execute an action based on the comparison of the 1denti-
fied plurality of other electronic components of the
bicycle to the previous pairing configuration.

9. The electronic component of claim 8, wherein the

message 1s a first message,

wherein the comparison of the 1identified plurality of other
clectronic components of the bicycle to the previous
pairing configuration comprises identification of an
additional electronic component not ncluded within
the previous pairing configuration,

wherein the processor 1s further configured to:
determine, based on a second message of the plurality

of received messages, whether the additional elec-
tronic component 1s a human-machine interface
(HMI); and
transier, via the communication interface, pairing infor-
mation for at least some other electronic components
ol the plurality of other electronic components when
the additional electronic component 1s the HMI.
10. The electronic component of claim 8, wherein the
comparison of the identified plurality of other electronic
components of the bicycle to the previous pairing configu-
ration comprises 1identification of a missing electronic com-
ponent included within the previous pairing configuration,
wherein the processor 1s further configured to:
identify, based on the plurality of messages, whether a
component of the plurality of other electronic com-
ponents 1s a replacement for the missing electronic
component;
initiate pairing of the component with the electronic
component when the component 1s the replacement
for the missing electronic component; and
generate a warning when the plurality of other elec-
tronic components do not include the replacement
for the missing electronic component.

11. A power source for a bicycle, the power source

comprising;

a housing;

output terminals supported by the housing;

a sensor supported by the housing, the sensor being
configured to detect a matching component on the
bicycle; and

a processor 1n communication with the sensor, the pro-
cessor being configured to enable the output terminals
after the sensor detects the matching component on the
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bicycle, such that one or more electronic components
of the bicycle are powerable by the power source,
the processor configured to determine an enablement time
and 1mitiate, based on the determined enablement time,
a pairing ol an electronic component of the one or more s
clectronic components with the battery.
12. The power source of claim 11, wherein the matching
component 1s a passive component.
13. The power source of claim 11, wherein the processor
1s further configured to: receive a power on time from the

clectronic component; and compare the received power on
time to the determined enablement time, and wherein the

initiation, based on the determined enablement time, of the

pairing of the electronic component with the power source

comprises 1nitiation, based on the comparison, of the pairing

of the electronic component with the power source. 15
14. The power source of claim 13, wherein the compari-

son of the received power on time to the determined enable-

ment time comprises:
determination of a time difference between the received

power on time and the determined enablement time; 20
and

comparison of the determined time difference to a prede-
termined threshold time difference, and

wherein the mitiation, based on the comparison, of the
pairing of the electronic component with the power ,4
source comprises initiation of the pairing of the elec-
tronic component with the power source when, based
on the comparison, the determined time difference 1s
less than the predetermined threshold time difference.

15. The power source of claim 14, wherein the electronic
component 1s a drive unit of the bicycle, and the drive unit
includes the matching component, and

wherein the processor 1s further configured to:

identily an electronic component paired with the drive
unit; and 15

transmit a pairing request to the electronic component
paired with the drive unit.

16. The power source of claim 11, wherein the electronic
component 1s a processor of a drive unit of the bicycle, and
the drive unit includes the matching component, wherein the
enablement of the output terminals comprises enablement of
the output terminals, such that a voltage at the output
terminals 1s a portion of a discharge voltage of the power
source, and wherein the processor of the drive umt 1s
powerable by the portion of the discharge voltage ot the ,5
power source, but the drive unit 1s not powerable by the
portion of the discharge voltage of the power source.

17. The power source of claim 16, wherein aiter the
initiation of the pairing of the electronic component with the
power source, the processor 1s turther configured to increase s,
the voltage at the output terminals, such that the drive umit
1s powerable by the power source.

18. The power source of claim 11, wherein the sensor
includes a reed switch, a Hall effect sensor, a near-field
communication (NFC) sensor, or any combination thereot,
and
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wherein the matching component includes a magnet, an

NFC tag, or a combination thereof.

19. The power source of claim 11, wherein the processor
being configured to determine the enablement time com-
prises the processor being further configured to:

start a timer aiter the sensor detects the matching com-

ponent on the bicycle; and

determine the enablement time based on the timer.

20. The power source of claim 11, wherein the processor
1s Turther configured to:

recerve a signal from the sensor; and

detect the matching component on the bicycle based on

the recerved signal from the sensor.
21. A system for controlling a bicycle, the system com-
prising;:
a pOWer source comprising:
a housing;
output terminals supported by the housing;
a sensor supported by the housing, the sensor being
configured to detect a matching component on an
clectronic component;
a first communication interface; and
a first processor 1n communication with the sensor and
the first communication interface, the first processor
being configured to:
enable the output terminals after the sensor detects
the matching component on the electronic com-
ponent, such that the electronic component 1is
powerable by the power source;

identify an enablement time, the enablement time
identifying a time at which the output terminals
were enabled; and

transmit, via the first communication interface, a
message to the electronic component, the message
including the i1dentified enablement time; and

the electronic component comprising:
a second communication intertace; and
a second processor 1n commumnication with the second
communication interface, the second processor
being configured to:
1dentily a power on time, the power on time 1denti-
ftying a time at which the electronic component
was powered on by the power source;

listen for one or more messages after the electronic
component 1s powered on, the one or more mes-
sages including the message transmitted by the
power source;

recelve, via the second communication interface, the
message;

compare the identified power on time to the i1denti-
fied enablement time; and

imitiate, based on the comparison, pairing of the
power source with the electronic component.
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